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Abstract 
Land use and cover change (LUCC) is the current research focus on global environmental change. This paper 
analyzes the land use type and changes in Tai’an City by interperting ETM and CBERS images in 2000 and 2007, 
and also build Markov model to simulating the land use tendency. In the study area land use changed rapidly with the 
development of economy, in which farm land mainly changed to lawn or residential land in urban and rural. 
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Introduction 
With the rapid development of modern technology, land use has been an unprecedented degree. A series 
of resources, environment and socio-economic issues have occurred because of the world population 
growth. Thus, land use and change, appealed a longstanding concern, has become an important 
component of global changes. Especially with the development of urbanization, urban land use has 
become a focus of research [1]. The aim of land use and cover change (LUCC) driving forces study is to 
reveal the reason for the changes, so as to predict the developing tendency and results in future and 
propose solution [2]. 
Study area and data 
Tai’an city was selected as the study area. The main data sources are CBERS images and Landsat of ETM 
in 2000 and 2007. Image analysis was based on ERDAS remote sensing software. Calibration of remote 
sensing data, resampling the image preprocessing and image enhancement have been introduced to 
improve image quality, in order to achieve the purpose of improving the classification accuracy. 
Research methods and results 
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Classification of land use CBERS images. A supervised classification was used in this study for the 
relatively high classification accuracy. Tai'an City land use classification is based on the actual situation, 
in view of the accuracy of remote sensing images used and the purpose of land use change.Land use was 
divided into 6 categories, namely farmland, woodland, grassland, water area, residential areas and 
industrial land, unused land. ERDAS was used for supervised classification and results shown in Figure 1. 
 
 
Figure 1. Land use classification of Tai’an city in 2000 and 2007 
Magnitude of land use structure change. The magnitude of land-use change refers to the type of land 
use changes in the size range, reflected in the different types of land use change on the total, reflecting the 
general situation of land use change and land use structure changes. The mathematical model is expressed 
as 
'U=U b -U a  
Ua and Ub are the area of a land use type at the start and the end of the study. The statistics are based on 
the area data of all types land use in Tai’an city after the remote sensing images classification in 2000 and 
2007 (Table 1): 
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Table 1.  Statistics of land use data of Tai’an city in 2000 and 2007 (h΃ˈˁ) 
year 
Type 
2000 2007 2000—2007 
area percent area percent area change 
Percent 
change  
farmland 9922.69 51.94 9572.73 50.11 -349.96 -3.53 
woodland 3643.53 19.07 3484.02 18.24 -159.51 -4.38 
grassland 165.05 0.86 209.12 1.09 44.07 26.7 
water area 845.01 4.42 867.35 4.54 22.34 2.64 
residential 
areas & 
industrial land  
4443.17 23.26 4862.44 25.45 419.27 9.44 
unused land 84.29 0.44 108.09 0.57 23.8 28.24 
 
As shown in Table 1, the rate of land use change in two period were as follows: residential and 
industrial land> farmland> woodland> grassland> unused> waters. The land area of grass, water, 
residential & industrial land and unused land have increased, and residential & industrial land has a 
biggest increasing of 419.27 k΃. Contrary, area of farmland and forest land reduced. Farmland, as the 
most important land type in our study area, decreased sharply. It has a decreasing of 349.96 k΃ in the 
past 7 years. The percentage of farmland was 51.94% in 2000, and dropped to 50.11% in 2007. The 
3.53% rate change of farmland is mainly due to the larger land base. Unused land has a biggest rate 
change of 28.24% and the smallest is the water (2.64%).     
Rate change of land use structure. Regional land use dynamics can be quantitatively described as the rate 
change of land use. Currently, the land use dynamic degree can be used as a single land use dynamics 
degree[3]. Single land use dynamic can be quantitatively described as the rate change of a type of land use 
within a certain time and certain area. The formula is: 
K= %1001 uu

TU
UU
a
ab                              (1) 
K represent the dynamic degree of a type of land use in a study period; U a and U b are the area of a 
type of land use at the start and end of the study. T is the time interval of each study. When the time 
interval is year, T should be the annual rate change. A single type of land use dynamic degree in Tai'an 
city was calculated using the model formula, and results are listed in Table 2. 
Table 2.  A single type of land use dynamic degree of Tai’an city in 2000 and 2007(ˁ) 
Time farmlan
d 
woodland grassland water 
area    
residential & 
industrial land 
unused 
land 
2000-2007 -0.50 -0.63 3.81 0.38 1.35 4.03 
From 2000 to 2007, in Tai'an City, the annual land use rate of all use types were as unused land> 
grassland> residential & industrial land > land> forestland> water area (Table 2). The unused land has a 
biggest annual change rate of 4.03%, and the smallest is the water area, only 0.38%. For the huge base of 
farmland, even though the absolute amount of farmland land decreased by 347.96 h΃, the rate change is 
relatively small. At the same time, residential & industrial land has an increasing of 419.27 h΃ in 7 years 
and the area of unused land increased 23.8 h΃. The annual change rate of unused land reached 4.03ˁ 
because of relatively smaller base. The main reason is the acceleration of urbanization and 
industrialization in Tai'an City after the year of 2000; the rapid development of the residential & 
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industrial land area took the place of farmland. 
Matrix analysis of land use change and transfer. Quantitative analysis of the extent and speed land use structure will 
helps us to overall understanding the dynamic evolution of land use trends and characteristics. 
This kind of land use change is based on the timing, which does not reflect the internal process of change in land use structure. 
And thus quantitative analysis of the region between different land use types could be better understanding of the dynamic evolution 
of land use process. Matrix analysis of land use change and transfer in Tai'an City was calculated. 
Prediction of land use change using Markov Chain 
Basic principles of Markov chain. Markov process model is the transfer of land use types in the past to simulate the 
probability analysis of future trends [5-6]. Land use structure of the annual change rate is relatively stable in the study period, which is 
in line with the law of Markov processes. Thus, the dynamic changes of land use structure in Tai'an City is consistent with the 
homogeneous Markov building requirements. 
Establishment of the transfer matrix 
˄1˅Initial state matrix establishment 
The percentage  each land use type of total land area 
Land use system accounts for each land use type as a percentage of total land area of the initial 
probability of each state. According to the percentage of land use types of the total land area in the year of 
2000, the initial state matrix was established: 
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˄2˅Determinatuon of the transition probability matrix 
The transition probability is the conversion rate from one state to another state. As for land use 
changed study, the transition probability could be determined by annual average conversion rate of a 
certain period of time and a certain type of land use. In other words, the transition probability is the 
annual average percentage of a certain type of land when it transferred to another types of land use.  
According to equation (2) and the situation of transfer matrix, the transition probability matrix of 
land use types in 7 year could be determined, which is the initial state transition probability matrix. 
Table 3. The initial state of land use transition probability matrix 
Decade 
k+1 
Decade k  
farmland woodland grassland  water area    
residential & 
industrial 
land unused land 
farmland 0.991568 0.001486 0.000563212 0.000663 0.005525 0.000195512 
woodland 0.007047 0.989062 0.000281517 0.000151 0.003430 2.94063E-05 
grassland 0.000000 0.002164 0.995837012 0.000900 0.000000 0.001099167 
 water area    0.002467 0.000181 0.000412506 0.994377 0.002122 0.000441246 
residential & 
industrial land 0.001332 0.000409 4.17977E-06 0.000151 0.997925 0.000179409 
unused land 0.000000 0.000000 0.000000000 0.000000 0.000000 1.000000000 
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Simulation of land use change 
According to the nature of Markov process and the definition of conditional probability, Markov process can use the basic 
equation of land use structure prediction, as the Equation (5) shows 
P )(nij =
)1(
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0


 
¦ nkj
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n
k
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
 

1
0
)1(                         ˄5˅ 
n is the number of transfer steps, P
)(n
ij  is the probability of land type i change to the land type j after 
n steps. 
According to equation (5), Pij(n) in land use types of transition probability matrix P(n) and the 
proportion of each land use type after the year of 2000 could be calculated using the initial state matrix 
and the initial state transfer matrix, therefore, the proportion of land use changes could be simulated. 
Validation of the Markov process simulation of land use change  
To verify the predicted results, application of Markov chain equation to verify the actual data for 
2007, which is based on the 2000 matrix and calculated the initial state the initial state transition 
probability matrix (Table 4). 
Table 4. Validation of the Markov process simulation of land use change 
Type of land use 
2007 The difference between 
simulated data and 
actual data˄ˁ˅ 
RSD˄ˁ˅ Actual data˄ˁ  ˅ Simulation data˄ˁ˅
farmland 50.11 50.15 0.04 0.08 
woodland 18.24 18.26 0.02 0.11 
grassland 1.09 1.09 0.00 0.00 
 water area     4.54 4.54 0.00 0.00 
residential & 
industrial land 25.45 25.40 -0.05 -0.20 
unused land 0.57 0.57 0.00 0.00 
The difference between the actual data and simulation results was not significant. Therefore, the 
simulation results are consistent with the actual data. It is possible to use a single type of land use area 
change rate to determining the transition probability rate, thus, the use of Markov model for predicting 
land use Change is feasible. 
Land use change trends Tai'an City after the year of 2008. Land use types in Tai'an City account for 
the percentage of the total land area in 2009, 2010, 2015, 2020, 2025 and 2030 have been predicted using 
Markov chain model (Table 5). 
 
Table 5.  Tai'an City Land Use Change 
Type of land use Year 2009 2010 2015 2020 2025 2030 
farmland 49.65 49.41 47.97 46.81 45.70 44.63 
woodland 18.04 17.93 17.29 16.79 16.31 15.85 
grassland 1.15 1.18 1.36 1.49 1.63 1.75 
 water area    4.57 4.58 4.67 4.73 4.80 4.85 
residential & 
industrial 25.99 26.28 27.99 29.35 30.65 31.91 
unused land 0.60 0.62 0.73 0.82 0.92 1.01 
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As shown in Table 5, after 2008,the land use change trend is farmland and forest land area decreased 
significantly. The maximum rate of reduction is still arable land. Grassland, woodland, water, residential 
and industrial land, the area of unused land are increasing year by year. The growth of residential and 
industrial land are the biggest, the proportion of unused land have a certain growth, the rate of grass and 
water area change are slow. This change will persist for some time, until it reaches a relatively steady 
state, the red line doesn’t exceed the scope of arable land, Representatives of industrial land  to 
construction land and residential land will gradually annexed farmland and forest land or other land use 
types, the area of agricultural land and woodland will reduce , other land area will increase, the final form 
of the pattern will be urban-rural integration. 
Conclusions 
By analyzing the date of temporal and spatial change of land use in from 2000 to 2007, we reveal the 
regional dynamics of land use change and Look for reasons which cause the change.We predict the trend 
of land use change in Tai'an City.At last, we provide reference for decision-making of land use planning 
in the region The results are as follows: 
(1)By using the Markov model ,we can predict the the region's land use cover change trend of next 20 
years, Arable land, forest area will continue to decrease. Other 4 types of area will gradually increase, 
residential and industrial land in the area will increase the fast. 
(2) The main reason for land use changes in Tai'an City are population growth, industrialization and 
urbanization. Therefore, the land use planning conduct must be reasonable, we will strictly control the 
area of cultivated land within the red line, so that a more reasonable land use type will be set, land-use 
efficiency will be improved. 
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